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TICNAL ADVISARY COMMITTEE FOR AERONAUTICS

WIND-TUYNEL TESTS CF SIKGLE— AND DUAL-RATATING TRACTOR
PROPZLLERS AT LOW BLADE AWGLES AND OF TWA— AND THREZS~
BLADE TRACTCR PROFELLERS AT BLADE ANWGLES UP TO 659

By W. H. Gray

SUMMALRY

Tests were conducted in the prepeller—reszearch tun—
nel of the Langley Mem>risel Aercnautical Laborsatsry to
d~tarmine the cheracteristics at liw tlade angles of pro-
pellers far waich data at high btlade anzles are alrozdy.
availatle, In additien to ths lcw-%lade—angle resulte
thare are included deta on two— and threa-tlade uwiropellera
¢f the gnmn Ulsde dersign, which heave ndt %een purlisgherd
and whiech cuver & rTange of tlade angles frow 207 to £5°,

A chart lists the HWACA reperts in which dats oun
rrleted trsts of the gzame Yt lade design mey e found.

INTRODUCTION

With the advent ~f high altitudr sirplanes, sprration
of prepellers a2t low Ylade angles hecomss nrcessrry Teor
the teke—off condition, Erzulte of trsits at hlads sngles
epplicatle tn this condition are presentsd heroin. Inse-
much £s the tnsts weres made 5t low sperds, ths affacis cf
comprrseihlility ecould nit Yo mrasured. Hefarcnce 1, how-
~ver, precents results foHr propn 1lers emYadying geveral
gectiong £t high tip srerds with lcw tlade angles and alsy
prasents & wrthod of courrecting proprllar ch(ract risticas
for coamprossitility offacts &t tip sperds verlsw 0.9 the
sveed »Af sound, In the reogsults rhp:rtmd in raferenzes 2,
3, and 4, cherts are presented of dalte on single— and
dusl-rotating praprllers o»f different number of blsdes,
Thege charts included results for tlzde angles rengi

n
i

B ("4

from 200 4o 652, The data presented hnr.ln extrnd t
results t5 include tlade angles of 152 and 159,

Becrpuce a part of the data for twoe- and three=tlzde



proprllers has n-t previrusly bren putlished, &ll such
data sre included in this rep-rt,

APPARATUS AND MTWTHODS

The tegts were nmecde with the test setup used in preo-
visus dusl-roteting proprller dinvestigsati-ne in the
prapollear—resesrch tunnel (referencr 2). A photcgraph
and a2 Alwmensionad Arswing «f the test setup are shown in
figures 1 and 2. A symmetrical wing wos mountad in the
slipstrezm for all the tests except throse ~f the twn-hlade
properllsr azt btlade angles ranging frawm 207 to 659, The
cver—=zll length ~f the spinner was 5 ineches grrater for
the 167 an? 157 tlade—angln tests then for the tests at
higher tlada anrles, (See figo, 2.)

o]

A

The prapeller tlades were of Hamilt-n—-Standard design
desisnat~d 31855-6 (risht hand) and 3156~6 (1~ft hand),.
The plan—f-rm and the blade-faorm curvee gra given in fi.—
ure 3,

Far the six— and eipght-blade siangle— an? dual-rotst-—
ing prap~ilers and for the four-vlade duvual-rotating pro—
perllers, the bladfes were mounted in separate huts spaced

15 dineknsg., Fear the twn—~, thre~-—, and four~tlade single-
rotating propellers, h-wever, the tlaodes wore mcounted in
the Tonr hut for the l-w tlade nangle tests, Frr the
singlr—raotati~n tests, the fr-nt bvlades led the rear btlades
Yy 75.07 fsr the six—vlade propeller and ty 52.5" far the
cight~tlade properller,

In erier tn foacilitate reading values from the chrrts,
the test paints have Teen cnmitted fr-m most of the curves.
The gonersl accuracy ~f the fairings ie indicated, hrwever,
by the plotted prints for the 15% curves ~f fisgure 4, Tha
tegt limitati-ns of tunnel epeed (110 mph) &nd prrpsller
ratrti~nal spred (550 rpm) resulted in & tip swerd bDel-w
300 frat ner secsnd and no effects of crmpressitility would
thearef ~Te Tta rxneacted,

In a frw preoliminsry dual-ratati-n tests at TPlade
cottinss of 102 snd 157, settin. the fromnt anil rear Tlades
at the sszue angle was fomnd t¢ result in nesrly egqual prower
atsorntiscon at penk eofficiency far each comprnent, The
front and rear Llades wers c-nseguently sot at the sane
tlade angle for the entire series of lrw tlede-angln tests,



[PA]

RTSULTS

The results are pressnted in the usual nendimensieonal
farm ~f thrust coefficient, pownar crefficient, znd pr-pul-

No!
;\ sivas ~fficiency,
A s . Pifective thrust
T T T 4
pn D
Cp = ——53
pn D
CTV
T‘l:__..-
CP nD
P p-wer abts-srled vy praopellesr, foost—prsunds per socrnd
v eirspred, feet prr sccond
n uwrapeller rotationnl speed, revaluticrne per sec-nd
D propeller dlzmnter, foet
p nass Adensity -7 the aidr, sluss per cutic frnot
BF frent tlade ansle at J,.78R, éegrereg
Px resr blede anele nt (,7R, degornes
CP nrwer—confficiornt for front propeller
Cwq vower—coeaflficiant for resr propeller

The effective thrust is the mensured thrust ~7 the
rropeller-bady conbinsation plus the Jdrag ~f the T cody nmeag—
ured withsut a prepaller,

The fi.oures giving the propeller characteristics ara
listrd in the f£f~llrwing tahle;



Tumler|{Blade angsle
Fizure of at 0.75R Ratation Test conditiqn
tlaces (ing)
4 2 10 t~ 15 Single |[Rear hud, with wing
5 3 10 €t~ 15 —— (0= Do,
G 4 1¢C t3 20 ——@ = D,
7 ant B 4 1C tn» 29 Dual With wing
9 6 10 t» 22 Single Do,
1% and 11 € 10 t~ 20 Ducl D-~,
1z 3] 10 t~ 20 Single DA,
13 and 14 & 10 zo 290 Duel Dn,
15 o 17 2 20 tr €5 Single [Prant hut, with-ut
wing:
18 to 2C 2 20 to 6C ——fc——|Zezr hult, withsut
wing
21 te 'EEJ 3 20 to €5 ——&n——|Fr-nt hub, with wing

¥o sttennt hae tesn made t5 vressant comperiscns he—
tween dusl snd single rotati-n at tho 1sw hlade ansles
since nr anorecintle ain in thrust fr-n durl rotstisn
would e ~xoectnod, Curves ~f rropeller char-=cteristics
t T lade sneles ~f 297 (fram rofarrncez 2 and 4) have taen
includad with the 187 zand 157 curves whenever the deta
were sveileble in rrder to wive a clearer picture ~f the
roelati-n ~f the 10" and 157 Ylade—zngle data to the deta
f~r th~ hisrher tlade angles,

It shsuald b» noted thigt the prwer-crafficinnt curve
far tha six-tlede, single—r-teting preprllar st 157 vl=ade
* abteined Yy cr-ss~friringy since the test
a in rrror,

o I is furnishad for the purp-se ~f ralating the
preseat progren with previcus work in vhich the szare Uody
and the grume Tegie proneller were used, In the t are
listed the inpsrtent tost ec:nditierns,

Loangsley Moncrial Aerronsuticsl Lavoarstary,
Natisnzl Adviscry Crumitter f£for Acrrcnsutics,
L.”:.n:-:ley E‘jelﬂ., V;r‘.-.
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Figse. 4,5

{1 block = 10 divisions on 1/32 Arch. scale)

___,.'i..____+. i
8 4 oy 12

Fraume 4. - PROPELLER CHARACTERISTICS AT LOW Figure 5, « PROPELLER CHARACTERISTICS AT LOW
BLADE ANGLES. Two-BLADE PROPELLER

BLADE ANGLE, THREE=BLADE PROPELLER
IN REAR HUB, IN REAR nuB,
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NACA Figs. 6,7
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Figure 6.- Propeller characteristics

at low blade angles. Four-
blade single-rotating propeller in
rear hub.
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Figure 7.- Propeller characteristics
at low blade angles.
Four-blade dual-rotating propeller.,
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NACA Figs. 9,10

(1 block = 10/40")
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NACA Figs. 11,12
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Figure 11.- Individual power-coeffi-
cient curves for six-

blade dual-rotating propeller.
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Figure 12.- Propeller characteristics
at low blade angles,
Eight-blade single-rotating propeller.
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